A highly efficient and simple protocol for the synthesis of isothiocyanates and cyanamides from their respective amines in the presence of a mild, efficient, and non-toxic reagent tetrapropylammonium tribromide is described. High environmental acceptability of the reagents, cost effectiveness and high yields are the important attributes of this methodology.
Introduction
Isothiocyanates are one of the most important synthetic intermediates for the preparation of both sulphur and nitrogen containing organic compounds especially for heterocycles. 1 The isothiocyanate functionality is frequently encountered in natural products, including sesquiterpenes. 2 Additionally, synthetic isothiocyanates have proven to have some biological activity, such as anti-proliferative 3 and enzyme inhibitory for the HIV virus. 4 Numerous methods for the preparation of isothiocyanates have been reported, starting from amines, 5 dithiocarbamates, 6 organic halides, 7 olefins 8 and aldoximes. 9 Among the literature methods, the most widely used procedure is the synthesis by the decomposition of dithiocarbamates using heavy metals, 10 thiophosgene, iodine, ethylchlorocarbamate and claycop. 11 Although many synthetic methods for the preparation of isothiocyanates have been reported to date, most methods suffer from the employment of highly toxic reagents. Thus, there is still need for a commercially viable and environmentally acceptable protocol for the synthesis of isothiocyanates. We describe herein a modified, environmentally benign and cost-effective method for the synthesis of isothiocyanates via TPATB-mediated decomposition of dithiocarbamate salt in the presence of sodium bicarbonate in water/ethyl acetate biphasic solvent system at room temperature (Scheme 1).
Similarly, in continuation of our work we have synthesised cyanamides from the dithiocarbamate salt. Cyanamides have attracted considerable attention as a class of versatile organic molecules. They have a wide range of uses in organic synthetic chemistry 33 and coordination chemistry 34 as they can be used as building blocks for the construction of not only diverse N-containing compounds but also as metal ligands with their unique reactivity and structure of the cyanamide unit. Additionally, it has been found that some cyanamide based compounds show a diversity of interesting bioactivities, inhibition of spontaneous myogenic, and peptide activator activities. 35 It has also been proved that cyanamide is a natural product present in higher plants even though its distribution is limited. 36 The broad applications of cyanamides have resulted in the development of several methods for their synthesis over the years. The most common among these is the reaction of cyanogens chloride or bromide with amines or with imide salts. 37 However, this method involves the use of po-tassium or sodium cyanide and bromine for the preparation of cyanogen halide (which is again highly toxic), making the protocol environmentally unacceptable. Literature reports on various other methods for the preparation of cyanamide using different synthetic strategies, such as cyanation of amines using CN + equivalents as synthons, [38] [39] [40] [41] [42] [43] [44] Tiemann rearrangement of amidoximes, 45 coupling reactions involving Pd isocyanides, allyl carbonates and trimethylsilyl azide, 46 and sodium bis(trimethylsilyl)amide as deoxygenating or desulfurizing agents. 47 Yet another method for the preparation of cyanamides involves the reaction of hypervalent iodine(V) species with N,N 1 -disubstituted glycylamide. 48 However, all the procedures reported so far seem to have certain environmental concerns as they involve direct or indirect use of toxic and corrosive reagents, strong alkaline conditions, expensive reagents and catalysts, high reaction temperatures and tedious purification procedures. We have been interested to an extent in the synthesis of isothiocyanates and cyanamides, therefore, in this context we develop an alternative method involving the use of alkyl or aryl dithiocarbamate using tetrapropylammonium tribromide as a double desulfurizing agent.
Experimental

1. General Procedure for the Synthesis of Phenyl Isothiocyanate
To a stirred and ice cooled suspension of phenyl dithiocarbamate salt (Table 1 , compound 1) (540 mg, 2 mmol) in ethylacetate (5 mL), and water (5 mL) was added NaHCO 3 (336 mg, 4 mmol). To this was added TPATB (0.852 g, 2 mmol) pinch wise over a period of 10-15 minutes to yield phenylisothiocyante (Table 1, compound 1a) . During this period, precipitation of elemental sulfur was observed. Completion of the reaction was confirmed by TLC. Ethyl acetate (10 mL) was further added to the reaction mixture. The organic layer was washed with water (2-5 mL), dried over anhydrous Na 2 SO 4 , concentrated under reduced pressure and purified over a short column of silica gel while eluting it with hexane-ethyl acetate (97:3) to give the pure product (Table 1, compound 1a) (216 mg, 80%).
General Procedure for the Synthesis of Phenylcyanamide
To a stirred and ice cooled suspension of dithiocarbamate (Table 2, compound 1) (540 mg, 2 mmol) in ethyl acetate (5 mL), was added NaHCO 3 (336 mg, 4 mmol). To this was then added TPATB (0.852 g, 2 mmol) pinch wise over a period of 10-15 minutes to yield phenylisothiocyanate. During this period precipitation of elemental sulfur was observed. After complete addition of TPATB, 25% aqueous NH 3 (2.5 mL) was added drop wise to the stirred reaction mixture to give 1-phenylthiourea. After stirring for 10 minutes at room temperature, the excess of NH 3 was removed in a rotary evaporator whereby the solvent ethyl acetate was also simultaneously removed leaving behind the aqueous layer. To the crude reaction mixture was then further added ethyl acetate (5 mL) and NaHCO 3 (336 mg, 4 mmol). To the resultant solution, TPATB (0.852 g, 2 mmol) was added in small pinches, during which further precipitation of elemental sulfur was observed. The conversion of 1-phenylthiourea to phenylcyanamide (Table 2 , compound 1b) was observed within 5 minutes of the complete addition of TPATB. Completion of the reaction was confirmed by TLC. The precipitated sulfur was filtered, washed with ethyl acetate (2 × 5 mL). The organic layer was washed with water (2 × 5 mL) and dried over anhydrous Na 2 SO 4 , concentrated under reduced pressure and purified over a short column of silica gel eluting it with hexane-ethyl acetate (97:3) to give the pure product (Table  2 , compound 1b) (188 mg, 80%) as an oily liquid.
Results and Discussion
The dithiocarbamic acid salt is readily converted into the corresponding isothiocyanate (Table 1 , compound 1a), simply by treating it with TPATB in the presence of sodium bicarbonate in water/ethyl acetate biphasic medium in good to excellent yields in shorter time (15 minutes) as shown in Scheme 1.
Scheme 1. Preparation of isothiocyanate from dithiocarbamate salt
The use of water/ethyl acetate biphasic solvent system has several potential advantages. In addition to the benign character of both water and ethyl acetate, the coexistence of water with ethyl acetate helps in extracting the isothiocyanate to the organic layer leaving behind the impurities in the aqueous layer which in turn facilitates an easy workup. TPATB is soluble in ethyl acetate and on stirring dissolves, thus getting delivered to the water-ethyl acetate interphase for desulfurization. Moreover, the water phase dissolves the base sodium bicarbonate and retains the dithiocarbamic acid salt in aqueous layer. The use of sodium bicarbonate over organic bases offers a mild and effective green approach towards the synthesis of isothiocyanates. The mechanism of the present transformation is given below in Scheme 2. 48 Thus, the method provides an ecologically and economically viable process for the preparation of isothiocyanates. The preparation of isothiocyanates was performed Similarly, for the synthesis of cyanamides the methodology was based on: (i) formation of isothiocyanate from alkyl/aryl dithiocarbamate salt by desulfurization with TPATB in the presence of triethylamine as the base in ethyl acetate solvent, (ii) treating the in situ generated isothiocyanate with aqueous NH 3 to afford alkyl/aryl thioamides and (iii) further oxidative desulfurization of thioamides to cyanamide with TPATB in the presence of triethylamine (Scheme 2). The mechanism of the present transformation is given below. 49 Based on these findings, we thus report herein a practical, environmentally benign, high yielding and one pot preparation of cyanamides from dithiacarbamate salts using cheap and non-toxic reagent TPATB (Scheme 3) in an innocuous solvent ethyl acetate.
Implementing this one pot method, a wide variety of aromatic and aliphatic cyanamides have been prepared from their parent dithiocarbamate salts. Phenyl cyanamide (Table 2, compound 1b) was obtained in excellent yield from its dithiocarbamate ( Table 2 , compound 1). Monosubstituted substrates bearing deactivating substituents (Table 2 , compounds 2-6) readily underwent this reaction to produce the desired cyanamides (Table 2 , compounds 2b-6b) in high yields. The method worked smoothly for substrates with electron donating substituents such as (Table 2 , compounds 7-8) to afford the corresponding cyanamides (Table 2 , compounds 7b-8b) in high yields. A noteworthy aspect is that the present methodology can be applied to substrates containing sensitive substituents such as keto functionality ( 
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Conclusion
In conclusion, we have developed a general, economical and environmentally benign method for the preparation of isothiocyanates and cyanamides from their corresponding dithiocarbamic acid salts. The use of non-toxic and eco-friendly reagents and solvents without the formation of any side products makes this methodology potentially useful. The yield could in fact be considered as very good if not excellent.
